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This study is a randomized, prospective, double-blind study to evaluate the effects
of the combination of local anesthetics and an intravenous nonsteroidal anti-in-
flammatory drug (NSAID) vs NSAID alone on quality of recovery following dental
rehabilitation under general anesthesia (GA). Twenty-seven healthy children aged
3^5.5 years underwent dental rehabilitation under GA. Fifteen children in the
experimental group received oral infiltration of local anesthetic in addition to in-
travenous ketorolac tromethamine, while 12 children in the control group re-
ceived intravenous ketorolac tromethamine alone for postoperative pain manage-
ment. Pain behaviors were evaluated immediately postoperatively using a FLACC
scale and 4 hours postoperatively by self-report using various scales. Parents re-
ported perception of child pain and comfort and any occurrences of postopera-
tive cheek biting. The use of intraoral infiltration local anesthesia for complete
dental rehabilitation under general anesthesia for children aged 3^5.5 years did
not result in improved pain behaviors in the postanesthesia care unit (PACU), nor
did it result in improved pain behaviors 4^6 hours postoperatively as measured
by the FLACC scale, FACES scale, and subjective reports of parents or a PACU
nurse. Those children receiving local anesthesia had a higher incidence of nega-
tive symptoms related to local anesthetic administration, including a higher inci-
dence of lip and cheek biting, which was of clinical importance, but not statisti-
cally significant. Infiltration of local anesthetic for dental rehabilitation under gen-
eral anesthesia did not improve quality of recovery in children aged 3^5.5 years.
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Dental rehabilitation under general anesthesia is
commonly performed in young children be-

cause children may be unable to cooperate in a dental
clinic setting or because they may require a significant
amount of dental work.1 The use of general anesthe-

sia for dental rehabilitation of children, when indicat-
ed, is an accepted behavior management technique
according to theAmerican Academy of Pediatric Den-
tistry (AAPD).1 Although benefits of general anesthe-
sia for dentistry include safe and efficient delivery of
dental care, the procedure is not without morbidity or
mortality.2

A well-documented phenomenon in medicine is
the undertreatment of pain in children. Pain has been un-
dertreated across all age groups due to misunderstand-
ings about analgesic use and concerns over addiction,
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and, in youngchildren, themistaken belief of nopain per-
ception.3 The American Academy of Pediatrics (AAP)
and theAmerican Pain Society (APS) issued joint recom-
mendations in 2001 to eliminate pain-related suffering.
Pain is defined as a subjective experience that is the prod-
uct of both emotional and sensory components interrelat-
edwith the context of culture and environment. Suffering
occurs when pain is uncontrolled and the patient feels
overwhelmed and out of control.4 One goal for all
medical and dental practitioners is to vigilantly moni-
tor pain to prevent suffering. Given the fact that, his-
torically, pain has been undertreated in children and
measurement tools exist that help quantify pediatric
pain, clinical trials should be undertaken to deter-
mine best practices in this area.
The topic of morbidity following dental treatment

under general anesthesia has been a popular area for
research in recent years predominantly in the United
Kingdom as a result of a report by the Expert Working
Party on General Anesthesia chaired by Professor Pos-
willo. In response to this sobering report, studies have
attempted to measure postoperative morbidity5 and
local anesthesia has been looked upon favorably as a
potential technique to improve outcomes with varying
levels of success.2

Jurgens et al6 could not find a statistically significant
difference in self-reported postoperative pain between
children treated with local anesthetic compared with
those treated with systemic analgesics ( intravenous
fentanyl and paracetamol [acetaminophen] either
alone or in combination) for dental extractions, but
subjectively determined that the children appeared
‘‘more settled’’ in recovery. Atan et al2 reported that
the odds of experiencing pain at the operation site
were reduced by local analgesia by an odds ratio of
0.39, but these children were more likely to report
dizziness. Two other studies found a significant bene-
fit to intraligamental injection but only at one iso-
lated time in the immediate postoperative period
(5 minutes ).7,8

Coulthard et al9 examined postoperative pain fol-
lowing extractions under general anesthesia. In that
double-blind study of 142 children aged 4^12 years
who received 15 mg/kg of acetaminophen 1 hour pre-
operatively and acetaminophen elixir for home, infil-
tration of local anesthetic did not improve postopera-
tive pain reports. McWilliams and Rutherford10 found
that local anesthetic decreased postoperative bleeding
but had no effect on behavior. Al-Bahlani et al11

agreed that local anesthetic was related to a significant
reduction in perioperative bleeding but also found a
statistically significant increase in distress. It is impor-
tant to note that the dentistry in these studies consist-
ed of extractions almost exclusively.

The AAPD guidelines note that local anesthesia has
been reported to reduce pain in the postoperative re-
covery period after general anesthesia; however, the
citations used to support this statement provide mar-
ginal evidence.12,13 The overall objective of this study
was to provide practitioners with more information on
how to reduce postoperative pain and improve recov-
ery characteristics in children following dental surgery
under general anesthesia. Specifically, this is a ran-
domized, prospective, double-blind study to evaluate
the effects of the combination of local anesthetics and
an intravenous nonsteroidal anti- inflammatory drug
(NSAID) vs the effects of NSAID alone in reducing
postoperative pain and improving immediate postop-
erative recovery and recovery later on the day of sur-
gery. No opioids, such as morphine sulfate, were used
to assess more accurately the contribution of local an-
esthetic per se to postoperative behaviors.
Pain behaviors were evaluated immediately after the

surgery using a FLACC (faces, legs, activity, crying,
and consolability) scale by a trained examiner (Fig-
ure 1). The FLACC score has been validated in chil-
dren aged 2 months to 7 years14 and requires a brief
period of training to achieve high interrater reliabili-
ty.15 In addition, pain intensity was evaluated immedi-
ately postoperatively and the evening of the surgery
with the Wong-Baker FACES scale administered to
participant children. This scale consists of 6 cartoon
faces with varying expressions ranging from very hap-
py to very sad and has been validated for children
aged 3^7 years16,17 (Figure 2). Parents also evaluated
their perception of the child’s pain the evening of sur-
gery using a 1^10 visual analog scale (VAS) and were
asked to report any occurrences of postoperative
cheek biting as well as subjective comments about
their child’s behavior at home within the first few post-
operative hours.
The specific aim of this research was to determine

whether local anesthesia administered with an intrave-
nous NSAID improved the quality of recovery for chil-
dren in the immediate postoperative period and while
at home later in the day.

METHODS

The Institutional Review Board of Nationwide Chil-
dren’s Hospital in Columbus, Ohio reviewed and ap-
proved this study prior to commencement. A conve-
nience sample of 27 subjects was recruited for this
study at the Dental Surgery Center at Nationwide Chil-
dren’s Hospital. Subjects were children between 3 and
5.5 years of age undergoing general anesthesia for
dental rehabilitation; they spoke English, had a phone
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where they could be reached, were ASA I or II, and
were free of any developmental delays or psychiatric
conditions, including attention deficit hyperactivity
disorder. Inclusion criteria required that the dental sur-
gical procedures include a minimum of either 2 ante-
rior preveneered crowns or 2 anterior extractions ( in
order for lip anesthesia to be experienced in the local
anesthesia group) and a minimum of 4 stainless steel
crowns with at least 1 in the maxillary arch and 1 in the
mandibular arch ( in order that teeth in both the maxil-
lary and mandibular posterior arches would also be
anesthetized). Patients with a history of adverse drug
reactions or medical contraindications to any analge-
sic or anesthetic agents used in the study were exclud-
ed. If the total amount of local anesthetic the child re-
quired exceeded 7 mg/kg of lidocaine (with epineph-
rine 1 : 100,000), then the child was also excluded.
Prior to inclusion, informed consent was obtained

by the study investigator from a legal guardian for each
child. Demographic information, such as age, weight,
and sex, was recorded about the patient.
Patients underwent general anesthesia according to

the long-standing protocols. General anesthesia was
induced with sevoflurane in oxygen; nasotracheal in-
tubation was accomplished with propofol, 1^2 mg/kg
intravenously, without neuromuscular blockade, fol-
lowed by anesthetic maintenance with isoflurane in
50% nitrous oxide with oxygen. Dexamethasone,
0.1 mg/kg intravenously, was administered at induc-
tion or very early in the case prior to surgical interven-
tion. Approximately 10^20 minutes prior to case com-
pletion, isoflurane was discontinued targeting 0% ex-
pired isoflurane at case termination, and general
anesthesia was maintained during this interval with
propofol boluses and 66% nitrous oxide in oxygen.
Subjects were extubated unconsciously after several
breaths of 100% oxygen and transferred to the postan-
esthesia care unit (PACU) when nearing wakefulness.
The dental surgeons were pediatric dental faculty, pri-

vate practitioner pediatric dentists, and second year
pediatric dental residents.
Subjects were assigned by a random number gener-

ator to either a control or experimental group. The
control group received 1 mg/kg ketorolac intravenous-
ly within 15 minutes of case completion. The experi-
mental group received 1 mg/kg ketorolac within
15 minutes of case completion as well as local anes-
thetic infiltration. Two percent lidocaine with
1:100,000 epinephrine was infiltrated on the buccal
and lingual mucosa of each tooth treated. No inferior
alveolar block anesthesia was provided. A standard-
ized amount of 0.3 mL was administered for each
tooth with stainless steel crowns or extractions (not
for composite or amalgam restorations) utilizing pre-
marked dental cartridges, not to exceed 7.0 mg/kg
based on lidocaine dosage. The anesthetic infiltration
took place prior to the commencement of the last sex-
tant of operative dentistry. The surgeon and anesthesi-
ologist were not blinded to local anesthetic adminis-
tration in this study to allow for proper emergency
care and record-keeping.
After transfer to PACU, subjects were monitored by

a registered nurse. The nurse, who was blinded to local
anesthetic status, evaluated the patient at 5-minute in-
tervals using the FLACC assessment tool. The nurse
also attempted to record patient self-assessment of
pain using the Wong-Baker FACES scale and recorded
subjective comments about patient behavior. All perti-
nent surgical and PACU times were recorded. Parents
were present in the PACU when subjects were trans-
ferred there, and parents were also blinded as to local
anesthetic administration. A standard discharge script
with postoperative instructions that advised parents to
watch for signs of self-mutilation, such as cheek biting,
was given to each caregiver. The instruction sheet also
advised the parents to give acetaminophen (15 mg/
kg) 4 to 6 hours after discharge, and a bottle of Chil-
dren’s Tylenol was dispensed. A phone number where

Figure1. FLACC scale.14

Categories

Scoring

0 1 2

Face No particular expression or
smile

Occasional grimace or frown, withdrawn,
disinterested

Frequent to constant quivering
chin, clenched jaw

Legs Normal position or relaxed Uneasy, restless, tense Kicking, or legs drawn up
Activity Lying quietly, normal

position, moves easily
Squirming, shifting back and forth, tense Arched, rigid or jerking

Cry No cry (awake or asleep) Moans or whimpers; occasional complaint Crying steadily, screams or sobs,
frequent complaints

Consolability Content, relaxed Reassured by occasional touching,
hugging or being talked to, distractible

Difficult to console or comfort
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the parents could be reached 4 to 6 hours after dis-
charge was recorded.
Four to six hours after discharge from the PACU,

parents were contacted by phone by a research inves-
tigator blinded as to the experimental group. The par-
ents were asked to evaluate the patient’s pain level on
a provided 10-point VAS as well as to obtain a self-re-
port of the child’s pain using the FACES assessment
tool. Parents were also asked to report analgesic use,
cheek or lip biting, and subjective reports of behavior.
Statistical analysis of the data was performed using

JMP (SAS Institute, Cary, NC) and GraphPad Prism
Statistical Software (Graph Software, San Diego, Ca-
lif ). An unpaired t test was used to analyze weight, res-
torations placed, and various operative times. A Fisher
exact test was used to analyze sex differences and re-
porting of negative comments. A Wilcoxon rank sum
test was used to analyze the postoperative FLACC
score, the parent VAS score, and the child FACES
score. All statistical analyses assumed a P level # .05
to be significant. A priori, we determined that the fol-
lowing were clinically significant differences on test-
ing: 2 for the FLACC score, 2 for the FACES score,
and 3 for the VAS score.

RESULTS

Consent was obtained from parents prior to surgery
for 48 children whose preoperative dental exam indi-
cated they would meet the inclusion criteria. After ex-
amination and radiographs, 27 children met the inclu-
sion criteria, with 15 in the lidocaine group and 12 in
the control group. A number of children assigned to
the lidocaine group were excluded from the study be-
cause the amount of local anesthesia would have ex-
ceeded 7 mg/kg due to a large number of teeth re-

quiring treatment, and the protocol prevented reas-
signing children to the control group.
Eight female and 19 male participants completed

the study. There were no statistically significant differ-
ences in sex, age, or weight between groups, although
weight approached significance (control [C], 15.34 6

2.34 kg vs lidocaine [L], 18.50 6 5.38 kg; P , .07)
(Table 1).
When analyzing the number and type of procedures

in the 2 groups, none of the individual procedure to-
tals per case reached significance with an unpaired t
test between the lidocaine and control groups (Ta-
ble 2). Length of the case (C, 91 6 34 minutes vs L,
73 6 12 minutes; P .10), total PACU time (C, 20 6

4 minutes vs L, 20 6 6 minutes; P , .96), and time to
eye opening (C, 12 6 14 minutes vs L, 9 6 5 minutes;
P , .47) did not differ significantly between groups.
FLACC scores were recorded by a registered nurse

in the PACU at 5-minute intervals and interpreted us-
ing a Wilcoxon rank sum test. The times of awakening,
degree of recovery at any time period, and discharge
time in patients were variable, and therefore a compar-
ison of all subjects at a set time period would not yield
a valid comparison.The FLACC score at 15 minutes in
the PACU captured the most children awake and yet
not discharged (N 5 22). Almost all participants were
discharged by 30 minutes and FLACC scores were not
noted to be very different from 15 minutes to dis-
charge. For all but 3 participants, this was the same
as the 15-minute postoperative FLACC score. For the
3 participants who had different discharge FLACC
scores from the 15-minute FLACC score, the differ-
ence was only 1 unit for all participants (0 R 1; 5 R
4; 1 R 0) and not clinically significant. A priori, it was
determined that a difference of greater than 2 would
be considered clinically significant. Only 1 patient was
discharged prior to 15 minutes and that FLACC score
was zero at 10 minutes, so no change was anticipated
in that participant. Therefore, the FLACC score closest
to discharge was used for comparison. The mean
FLACC score at discharge did not differ between the
experimental or control groups (L, 2.47 6 2.69 vs C,
2.58 6 2.54; P , .88). The highest FLACC score pro-
vides another means for comparison. There was no

Table1. Participant Demographics

Experimental Control P Value

Female sex 5 3 .6957
Weight (kg) 18.5 65.38 15.34 62.34 .074
Age (years) 4.3 60.78 3.8 6 0.68 .11

Table 2. Average Number of Restorations Per Group

Experimental Control P Value

Stainless steel crowns 7.200 60.6264 7.500 60.6455 .7438
Preveneer anterior crowns 2.867 60.5762 2.385 6 0.3846 .5067
Pulpotomies 3.200 60.7051 1.583 60.5288 .0914
Pulpectomies 1.133 60.5595 0.7500 60.4459 .6104
Anterior extractions 2.200 60.6188 1.500 60.4846 .4000
Posterior extractions 0.7333 60.2282 0.3333 60.3333 .3172
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significant difference between groups based on high-
est FLACC score (P , .84).
The immediate postoperative FACES score was dif-

ficult to obtain due to variable cooperation of subjects
in the immediate postoperative period and therefore
yielded insufficient data for analysis.
Twenty-three of the 27 subjects were reached for a

postoperative phone call. There was no significant dif-
ference in time of parent contact for postoperative
phone call from PACU discharge between groups (L,
277 6 34 minutes vs C, 311 6 96 minutes; P , .28).
Of these, 23 subjects whose parents were contacted,
20 were able to self-report pain using the FACES
scale, 10 in the experimental and 10 in the control
group. These scores were similar between groups (L,
0.30 6 0.21 vs C, 0.60 6 1.35; P , .92), using a Wil-
coxon rank sum analysis as shown in Figure 3. The
VAS scores reported by the parents were also similar
(P , .74) as shown in Figure 4, but clearly, this is a
subjective measure without internal validity.
The number of children requiring oral analgesics at

home, as reported by parents, was not different, based
on the Fisher exact test, between the two groups (L, 2
of 11 vs C, 4 of 12; P , .70) with the majority (17 of 23
subjects; 74%) not needing additional pain medication

beyond the intraoperative intravenous ketorolac with
or without local anesthesia.
When asked if subjects had been observed biting

their lips or cheeks, more children from the local anes-
thetic group (4 of 11; 36%) reported biting than from
the control group (1 of 12; 8%), although the results
were not significant with a Fisher exact test (P ,

.155). When asked if physical damage to the oral tis-
sues was observed, only 2 children from the local an-
esthetic group (2 of 15; 13%) reported damage to oral
tissues vs the control group (0 of 18; 0%). The report of
visible damage to the oral structures was not signifi-
cant with the Fisher exact test (P , .22) as shown in
Figure 5.
Parents were asked for subjective comments about

their child’s behavior postoperatively. A category
called ‘‘Negative Comments’’ was added for children
who demonstrated distressed behavior. Only the par-
ents of children who received local anesthetic in addi-
tion to ketorolac (3 of 15 children; 20%), reported
negative comments. None of the parents of children
who received ketorolac alone reported negative com-

Figure 3. Postoperative phone call FACES scores.

Figure 4. Postoperative phone call VAS scores.

Figure 5. Tissue damage postoperative ly reported by
parents.

Figure 2. Wong-Baker FACES scale.16
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ments. The presence of negative symptoms was, how-
ever, not statistically significant with a Fisher exact test
(P , .09) as shown in Figure 6. Examples of negative
comments included: ‘‘He cried for a half hour. He
didn’t like the numb feeling and couldn’t eat’’; ‘‘He was
pulling on his lips. He couldn’t eat or drink’’; ‘‘She was
biting her lip when she first woke up’’; ‘‘He was biting
and pulling at his lips on the way home’’; and ‘‘She
didn’t like the feeling of her front teeth and com-
plained they felt tingly.’’

DISCUSSION

Pediatric dental rehabilitation is performed under gen-
eral anesthesia to treat children unable to cooperate in
a dental setting to provide high-quality dental surgical
care in an environment that causes minimal distress to
patients and parents. The findings of this study suggest
that local anesthetic has no beneficial effect on pain
behaviors postoperatively following comprehensive
pediatric dentistry under general anesthesia.
Our findings support Al-Bahlani’s previous finding

of increased distress identified with local anesthetic
use.11 Parents were able to identify negative behav-
iors secondary to the sensation of numbness, in spite
of being blinded to local anesthetic usage. Examples
of parent’s comments were: ‘‘She was fussy until the
numbing wore off’’; ‘‘She was clawing at her mouth
and scratching her lips’’; and ‘‘She had a hard time
eating or drinking.’’ These responses were grouped
in the results as ‘‘Negative Comments,’’ and although
the value was not statistically significant, the number
of cases was clinically significant (3 of 15 for the lo-
cal anesthesia group vs 0 of 18 for the ketorolac only
group).We consider this clinically significant because
it occurred with 20% of the children in the experi-
mental group whose caregivers were contacted.

When 1 out of 5 children treated under general anes-
thesia perceive discomfort due to the sensation of
numbness, then quality of recovery is not optimal.
The parents of children with negative symptoms sec-
ondary to local anesthetics reported their children
were in distress until the local anesthetic sensations
wore off. Though one of the aims of this study was to
determine improvement in the postoperative experi-
ence with local anesthetics, the outcome seems to
show the opposite to be true.
The incidence of cheek and lip biting did not reach

statistical significance but, again, the incidence report-
ed is clinically significant due to the discomfort associ-
ated with oral trauma (L, 2 of 15 vs C, 0 of 18). Again,
this is deemed clinically significant because approxi-
mately 13% of children were affected. The small sam-
ple size may also have not allowed statistical signifi-
cance to be demonstrated. None of the patients re-
quired a follow-up visit because the degree of oral
trauma was not concerning enough for parents, even
with a follow-up phone call on postoperative day 1.
Our finding of 13% postoperative cheek biting is not
dissimilar to the 18% incidence of trauma following
mandibular block anesthesia by College et al18 in se-
dated and nonsedated children. Postoperative lip and
cheek biting injuries were also found by Coulthard et
al9 who found injuries in 1 of 69 control patients and
3 of 70 local anesthesia patients. The authors conjec-
tured that in children the alteration of sensation is
more distressing when it occurs in the orofacial area
as opposed to other surgical areas because the face is
more highly innervated, and therefore they are more
aware of it.9 Other reasons may include the inability
to view the area of anatomy with altered sensation as
is possible with any other area of anatomy as well as
the unconscious importance of the mouth to children.
Another interesting result was found when review-

ing the pattern of FLACC scores. There was minimal
change in FLACC scores for any individual subject
during the overall PACU stay. In other words, those
participants who were comfortable on awakening were
likely to be so at discharge, and those who awoke ex-
hibiting discomforting behaviors, continued to do so
during the short PACU stay, which averaged 20 min-
utes. Regardless, the majority of children whose par-
ents were contacted by phone, 17 of 23, did not re-
quire additional analgesics later in the day (L, 2 of 11
vs C, 4 of 12; P , .695). This is interesting considering
that a significant amount of dental treatment was pro-
vided in both groups.
This is one of the very few studies that have been

conducted on pain perception following dental reha-
bilitation, under fully intubated general anesthesia in
children, especially with a double-blind design. Previ-

Figure 6. Negative symptoms postoperatively reported
by parents.
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ous studies have exclusively studied pain perception
after extractions only. The presence of tooth prepara-
tion and restoration in addition to extractions may
have different effects on the perception of postopera-
tive pain, and their inclusion is a major strength of this
study.
The primary study weakness is the small sample

size. A larger cohort might have uncovered statistically
significant differences in those parameters that ap-
proached clinical significance. Since this is a novel ar-
ea of study, attempts at a pre-study power analysis
proved arbitrary. Therefore, a convenience sample
was recruited using rigid inclusion criteria to ensure
similarity between the 2 groups. As a result, sample
sizes were low. However, this research provides a
foundation for future studies in this area with a more
appropriate sample size.
Other changes in methodology would strengthen fu-

ture study designs. Preoperative FLACC and FACES
scores would control for the presence or absence of
preoperative pain. Reliability testing for the nurse eval-
uator was not conducted in this study since one nurse
was used throughout. However, intrarater reliability
tests could have ensured more consistent evaluation
of postoperative FLACC scores. Previous research
demonstrates that parents can be trained in the
FLACC assessment tool in a brief period of time. In
future studies, a parental FLACC assessment at home
at more frequent intervals could strengthen the post-
operative evaluation process. Additionally, the study
design that limited lidocaine administration to 7 mg/
kg resulted in older children, possibly those with more
dental work required and those weighing more, being
in the experimental local anesthetic group. The older
group may have skewed results, especially with this
small sample size.
In conducting the study, it was interesting to note

that some practitioners, both dentists and 1 dentist an-
esthesiologist, felt so strongly about their preferred
technique of practicing, that they were either unwill-
ing to participate in the study or expressed discomfort
at being assigned to a group other than their preferred
method. Despite the lack of research in the area, both
practitioners who routinely administered local anes-
thetic and those who do not were confident that
switching techniques would affect patient recovery.
This validates the need for the profession to continual-
ly challenge our practices to avoid continuation of in-
effective techniques. It should also be noted that
7.0 mg/kg of lidocaine, the maximum dose for the
monitored patient with full emergency capability im-
mediately available, was used in this study. This is
more than the AAPD recommended maximum of
4.4 mg/kg, which assumes an unmonitored patient

and possibly the addition of inhalation and oral seda-
tives.
In light of the absence of beneficial effects of the use

of local anesthetic and the presence of negative symp-
toms, this study does not support use of local anes-
thetics during dental rehabilitation under general an-
esthesia to decrease postoperative pain. Alternative
methods of pain control should be investigated that
avoid altered orofacial sensation. The use of intraoper-
ative opioids, such as morphine sulfate, with or with-
out intravenous NSAIDs, appears to result in a greater
incidence of calm children in the PACU as reported
anecdotally by our PACU nurse.
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